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,QWURGXFWLRQ
7KHSODVWLFGHVLJQPHWKRG LV EDVHGRQ WKHSUHPLVH WKDW WKH ORDGGLVSODFHPHQW UHODWLRQVKLSRI WKH VKHDWKLQJWR
IUDPLQJMRLQWVKDVVXIILFLHQWO\ODUJHGXFWLOLW\EHIRUHWKHFDSDFLW\VWDUWVGHFUHDVLQJVXEVWDQWLDOO\,QFDVHRISDUWLDOO\
DQFKRUHGRUQRQDQFKRUHGYHUWLFDOVWXGVWKHSODVWLFPHWKRGLVEDVHGRQWKHDVVXPSWLRQWKDWWKHERWWRPUDLOLVDQFKRUHG
DJDLQVWXSOLIWDQGVOLGLQJRUWKDWJUDYLW\ORDGVFDQNHHSWKHERWWRPUDLOLQSODFH
,QWKLVSDUWWKHSUDFWLFDOGHVLJQRIDQXPEHURIGLIIHUHQWMRLQWVLVGHVFULEHGWKHVKHDWKLQJWRIUDPLQJMRLQWV
WKHVWXGWRUDLOMRLQWVWKHKROGGRZQGHYLFHVIRUWKHOHDGLQJVWXGDQGWKHDQFKRULQJGHYLFHVIRUWKHERWWRP
UDLO&KDUDFWHULVWLFVWUHQJWKYDOXHVIRU WKHVHGLIIHUHQW W\SHVRI MRLQWVDUHJLYHQ-RLQWVEHWZHHQZDOO URRIDQGIORRU
SDQHOVDUHGHVFULEHGLQJHQHUDOWHUPV
7KHERXQGDU\FRQGLWLRQVIRUWKHVKHDWKHGWLPEHUIUDPHZDOODQGWKHFKDUDFWHULVWLFVRI WKHVKHDWKLQJWRIUDPLQJ
MRLQWVDUHRIGHFLVLYHLPSRUWDQFHIRUWKHEHKDYLRXURIWKHZDOOLWVKRUL]RQWDOORDGFDUU\LQJFDSDFLW\DQGVWLIIQHVV7KH
GHVLJQRI WKHDQFKRUDJHGHYLFHV IRU WKHYHUWLFDO VWXGVDQGERWWRP UDLO DQG WKHDQFKRULQJRI WKH VKHDUZDOO WR WKH
WUDQVYHUVHZDOOVDQGWRWKHVXUURXQGLQJIORRUDQGURRIVWUXFWXUHVJRYHUQVWKHERXQGDU\FRQGLWLRQVRIWKHZDOO7KH
SURSHUWLHVRIVKHDWKLQJWRIUDPLQJMRLQWVKDYHJUHDWLQIOXHQFHRQWKHORDGFDUU\LQJFDSDFLW\RIWKHZDOO
7KHW\LQJGRZQRIVWXGVHVSHFLDOO\WKHOHDGLQJVWXGDQGWKHVWXGLQWHQVLRQDURXQGRSHQLQJVDQGWKHDQFKRUDJH
DORQJWKHERWWRPUDLODIIHFWVWKHGLVSODFHPHQWVEHWZHHQWKHGLIIHUHQWSDUWVRIWKHZDOODQGWKHUHE\WKHIRUFHGLVWULEXWLRQ
ZLWKLQWKHZDOO,QFDVHRIIXOO\DQFKRUHGZDOOVDFFRUGLQJWRWKHWUDGLWLRQDOHODVWLFPRGHOQRGLVSODFHPHQWVWDNHSODFH
LQ WKH MRLQWVEHWZHHQ WKH IUDPLQJPHPEHUV ,Q FDVHRISDUWLDOO\ DQFKRUHGZDOOV LQ D UHDO VWUXFWXUHQRQQHJOLJLEOH
GLVSODFHPHQWVRFFXULQWKHIUDPLQJMRLQWVOHDGLQJWRDGLIIHUHQWIRUFHGLVWULEXWLRQLQWKHZDOO7KLVFRQGLWLRQUHQGHUVD
ORZHUKRUL]RQWDOORDGFDUU\LQJFDSDFLW\DQGGLVSODFHPHQWVWLIIQHVVRIWKHZDOO3DUWLDODQFKRULQJRFFXUVIDLUO\RIWHQLQ
SUDFWLFHIRUH[DPSOHZKHQ\RXZDQWWRDYRLGFRPSOLFDWHGDQGH[SHQVLYHDQFKRULQJGHYLFHV,QVXFKFDVHVWKHHODVWLF
PHWKRG LV QRW DSSOLFDEOH +RZHYHU ZLWK WKH SODVWLF GHVLJQPHWKRG WKH KRUL]RQWDO ORDGFDUU\LQJ FDSDFLW\ FDQ EH
FDOFXODWHGLQVXFKFDVHV
7\LQJGRZQWKHVKHDUZDOOVE\FRQQHFWLQJWKHPWRWKHWUDQVYHUVHZDOOVOHDGVWRDGLPHQVLRRQDOEHKDYLRXUWKDWLV
D YHU\ IDYRXUDEOH IRU WKH ORDGFDUU\LQJ FDSDFLW\ DQG WKH VWLIIQHVVRI WKH VKHDUZDOO7KURXJK WUDQVYHUVHZDOOV WKH
DQFKRULQJRIWKHOHDGLQJVWXGFDQEHUHGXFHG
+RUL]RQWDOVWDELOL]DWLRQWKURXJKVKHDWKHGWLPEHUIUDPHZDOOV
7KHERXQGDU\FRQGLWLRQVRI WKHVKHDWKHG WLPEHUIUDPHZDOODQG WKHSURSHUWLHVRI WKHIDVWHQHUVDUHGHWHUPLQLQJ
IDFWRUVIRUWKHVWUXFWXUDOEHKDYLRXURIWKHZDOOLWVKRUL]RQWDOIRUFHFDSDFLW\DQGVWLIIQHVV7KHGHVLJQRIDQFKRUDJH
GHYLFHV IRU YHUWLFDO VWXGV DQG ERWWRP UDLOV DQG FRQQHFWLRQV WR WUDQVYHUVH ZDOOV DQG VXUURXQGLQJ IORRU DQG URRI
VWUXFWXUHVGHWHUPLQHWKHERXQGDU\FRQGLWLRQVIRUWKHZDOO7KHFKDUDFWHULVWLFVRIWKHVKHDWKLQJWRIUDPLQJMRLQWVDUH
KLJKO\VLJQLILFDQWIRUWKHKRUL]RQWDOORDGFDUU\LQJFDSDFLW\DQGVWLIIQHVVRIWKHZDOO
$QFKRULQJRIVWXGVSDUWLFXODUO\WKHOHDGLQJVWXGDQGVWXGVLQWHQVLRQDURXQGRSHQLQJVDQGDQFKRULQJDORQJWKH
ERWWRPUDLODIIHFWWKHPXWXDOGLVSODFHPHQWVEHWZHHQWKHYDULRXVSDUWVRIWKHZDOODQGWKHUHE\WKHORDGGLVWULEXWLRQLQ
WKHZDOO,QIXOODQFKRULQJDFFRUGLQJWRWKHWUDGLWLRQDOHODVWLFPRGHOQRGLVSODFHPHQWVRFFXULQWKHVWXGWRUDLOMRLQWV
EHWZHHQWKHIUDPLQJPHPEHUVLQWKHIUDPHZRUN,QLQFRPSOHWHRUSDUWLDODQFKRULQJLQDUHDOVWUXFWXUHQRQQHJOLJLEOH
GLVSODFHPHQWVRFFXULQWKHVWXGWRUDLOMRLQWVOHDGLQJWRDQRWKHUORDGGLVWULEXWLRQLQWKHZDOO7KLVPHDQVDORZHUORDG
FDUU\LQJFDSDFLW\DQGGLVSODFHPHQWVWLIIQHVVRIWKHZDOO,QFRPSOHWHDQFKRULQJRFFXUVIDLUO\RIWHQLQSUDFWLFHDPRQJ
RWKHUWKLQJVWRDYRLGFRPSOLFDWHGDQGH[SHQVLYHDQFKRULQJGHYLFHV,QVXFKFDVHVWKHHODVWLFPHWKRGGRHVQRWZRUN
2QWKHRWKHUKDQGRQHFDQXVHWKHSODVWLFPHWKRGWRFDOFXODWHWKHDFWXDOORDGEHDULQJFDSDFLW\
$QFKRULQJZLWKWKHKHOSRIWUDQVYHUVHZDOOVZLOOUHVXOWLQDWKUHHGLPHQVLRQDOVWUXFWXUDOEHKDYLRXUWKDWLVKLJKO\
EHQHILFLDOIRUWKHORDGEHDULQJFDSDFLW\DQGWKHVWLIIQHVVRIWKHVKHDUZDOO7UDQVYHUVHZDOOVFDQUHGXFHWKHQHHGIRU
DQFKRULQJRIWKHOHDGLQJVWXG
7KH SODVWLF PHWKRG LV EDVHG RQ WKH IDFW WKDW WKH VKHDWKLQJWRIUDPLQJ MRLQWV KDYH VXIILFLHQWO\ ODUJH SODVWLF
GHIRUPDWLRQFDSDFLW\,QFDVHRILQFRPSOHWHO\RUQRWDQFKRUHGYHUWLFDOVWXGVWKHSODVWLFPHWKRGLVDOVREDVHGRQWKH
IDFWWKDWWKHERWWRPUDLOLVDQFKRUHGRUWKDWYHUWLFDOIRUFHVIURPSHUPDQHQWORDGVDUHDEOHWRNHHSWKHERWWRPUDLOLQ
SRVLWLRQ
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6KHDWKLQJWRIUDPLQJMRLQWV
7KHPHFKDQLFDOSURSHUWLHVRIWKHVKHDWKLQJWRIUDPLQJMRLQWDUHGHWHUPLQLQJIDFWRUVIRUWKHORDGEHDULQJFDSDFLW\
DQGVWLIIQHVVRIWKHVKHDUZDOO7KHSULPDU\IDFWRULVWKDWWKHEHKDYLRXURIWKHMRLQWVLVGXFWLOH6KHDWKLQJWRIUDPLQJ
MRLQWVWKDWVKRZEULWWOHIDLOXUHEHKDYLRXUGRQRWIXQFWLRQLQFRQMXQFWLRQZLWKWKHSODVWLFPHWKRG,WLVLPSRUWDQWWKDW
WKH³ULJKW´W\SHRIMRLQWVEHXVHGIRUWKHSDQHOLQTXHVWLRQ6HHDOVRVHFWLRQLQ3DUW

)LJ(GJHDQGHQGGLVWDQFHVIRUWKHVKHDWKLQJWRIUDPLQJMRLQWVLQDVWXGWRUDLOFRQQHFWLRQ(GJHGLVWDQFHVKRXOGEHDWOHDVWdLQFDVHRIIRUFH
SDUDOOHOWRJUDLQYHUWLFDOVWXGVDQGDWOHDVWdLQFDVHRIIRUFHSHUSHQGLFXODUWRJUDLQERWWRPDQGWRSUDLOV)RUDPPVWXGWKLVLPSOLHVD
PD[LPXPIDVWHQHUGLDPHWHURIPPDQGIRUDPPVWXGPP)RUSO\ZRRGDVWKHVKHDWKLQJPDWHULDOdDQGdUHVSFDQEHXVHG
7DEOH&KDUDFWHULVWLFSODVWLFVKHDUFDSDFLW\FSNIRUVRPHGLIIHUHQWW\SHVRIVKHDWKLQJWRIUDPLQJMRLQWVZLWKHGJHGLVWDQFHDFFRUGLQJWR)LJXUH
,IQRWKLQJHOVHLVVWDWHGWKHVWXGLVPDGHRIVWUXFWXUDOWLPEHURIVWUHQJWKFODVV&
6KHDWKLQJ )DVWHQHU 3ODVWLFVKHDUIRUFH
FDSDFLW\FSN>1@7\SH 6XSSOLHUDQGTXDOLW\ 7\SHDQGGLPHQVLRQ 6XSSOLHU
)LEUHERDUG 0DVRQLWH.PP $QQXODUULQJQDLO u  .DUWUR:UWK*XQQHER 
$QQXODUULQJQDLO u  *XQQHER 
0DVRQLWH.PP
0DVRQLWHERWWRPUDLO6
$QQXODUULQJQDLO u  .DUWUR:UWK*XQQHER 
$QQXODUULQJQDLO u  0RWHN 
0DVRQLWH.PP
0DVRQLWHVWXG5
$QQXODUULQJQDLO u  .DUWUR:UWK*XQQHER 
$QQXODUULQJQDLO u  0RWHN 
3DUWLFOHERDUG )RUHVWLD$JQHVPP $QQXODUULQJQDLO u  :UWK 
6ZHGVSDQ$WWDFNPP $QQXODUULQJQDLO u  :UWK 
6ZHGVSDQ93PP $QQXODUULQJQDLO u  *XQQHER 
3O\ZRRG 9lQHUSO\SO\3PP $QQXODUULQJQDLOu  .DUWUR:UWK*XQQHER 
9lQHUSO\SO\3PP $QQXODUULQJQDLO u  :UWK 
9lQHUSO\SO\3PP $QQXODUULQJQDLO u  *XQQHER 
&KDUDFWHULVWLFYDOXHVKDYHEHHQHYDOXDWHGIRUWHVWVSHFLPHQVZLWKDFRHIILFLHQWRIYDULDWLRQRIDFFRUGLQJWRWKHUXOHVIRUVWUHQJWK
GHVLJQ WKURXJK WHVWLQJ LVVXHGE\ WKH6ZHGLVK1DWLRQDO%RDUGRI+RXVLQJ%XLOGLQJDQG3ODQQLQJ7KHHIIHFWRI VHYHUDO LQWHUDFWLQJ
IDVWHQHUVKDVWDNHQLQWRDFFRXQWE\LQFUHDVLQJWKHFDSDFLW\ZLWK7KHHIIHFWRIGHQVLW\KDVEHHQWDNHQLQWRDFFRXQWDVWKHVTXDUH
URRWRIFKDUDFWHULVWLFGHQVLW\LQUHODWLRQWRWKHGHQVLW\RIWKHWHVWVSHFLPHQ7KHWHVWVKDYHEHHQFRQGXFWHGRQWHVWVSHFLPHQVZLWKRQH
IDVWHQHUDFFRUGLQJWRWKHWHVWLQJVWDQGDUG(1UHJDUGLQJWKHORDGLQJSURFHGXUHDQG(1UHJDUGLQJWKHFRQGLWLRQLQJ
$ VKHDWKHG WLPEHU IUDPH VKHDUZDOO QRUPDOO\ LQFOXGHV D ODUJH QXPEHU RI VKHDWKLQJWRIUDPLQJ MRLQWVZRUNLQJ
WRJHWKHULQWKHIRUFHWUDQVIHU,WFDQWKHUHIRUHEHDFFHSWDEOHIRUDOLPLWHGQXPEHURIVKHDWKLQJWRIUDPLQJMRLQWVWR
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GHPRQVWUDWHEULWWOHEHKDYLRXUDVORQJDVWKHRYHUDOOVWUXFWXUDOEHKDYLRXULVGXFWLOH$VWXG\KDVEHHQFDUULHGRXWZKHUH
WKHSODVWLFFKDUDFWHULVWLFVRIWKHVKHDWKLQJWRIUDPLQJMRLQWVZHUHYDULHGLQRUGHUWRDVVHVVWKHOLPLWIRUWKHDSSOLFDELOLW\
RIWKHSODVWLFPHWKRG>@
7KH SRVLWLRQV RI WKH IDVWHQHUV LQ D VWXGWRUDLO MRLQW DUH GHPRQVWUDWHG LQ )LJXUH  ZKHUH WKH QRUPDO WLPEHU
GLPHQVLRQRIPPLVXVHG/RFDWLRQRIWKHIDVWHQHUVLVWKHVDPHLQERWKERWWRPDQGWRSUDLO6LQFHWKHHGJHGLVWDQFH
PXVWEHDWOHDVWdZKHUHdLVWKHGLDPHWHURIWKHIDVWHQHUIRUIRUFHGLUHFWLRQSDUDOOHOWRJUDLQYHUWLFDOVWXGVDQGDW
OHDVWdIRUIRUFHGLUHFWLRQSHUSHQGLFXODUWRJUDLQERWWRPDQGWRSUDLOVWKLVPHDQVDPD[LPXPIDVWHQHUGLDPHWHURI
PPLQDPPVWXGDQGPPLQDPPVWXG)RUSO\ZRRGDVDSDQHOPDWHULDOdDQGdFDQEHDSSOLHG
UHVSHFWLYHO\,QWKHHYHQWRIGHYLDWLRQVIURPWKHVHDVVXPSWLRQVDQGLQVWUXFWLRQVVHHWKHIRRWQRWHVWR7DEOH
,Q7DEOHH[DPSOHVRIFKDUDFWHULVWLFYDOXHVDUHJLYHQIRUWKHSODVWLFVKHDUFDSDFLW\FSNIRUYDULRXVFRPELQDWLRQV
RISDQHOVDQGIDVWHQHUVLQVKHDWKLQJWRIUDPLQJMRLQWV
6WXGWRUDLOMRLQWV±MRLQWVEHWZHHQYHUWLFDOVWXGVERWWRPDQGWRSUDLOV
7KHIUDPLQJMRLQWVRUVWXGWRUDLOMRLQWVEHWZHHQYHUWLFDOVWXGVERWWRPDQGWRSUDLOVDUHRIWHQIRUPHGE\QDLOLQJ
SHUSHQGLFXODUWRWKHJUDLQRIWKHERWWRPUDLOSDUDOOHOWRWKHJUDLQRIWKHYHUWLFDOVWXGRUE\VODQWQDLOLQJ7KHUXOHVIRU
GHWDLOGHVLJQRIWKHVHMRLQWVDUHSUHVHQWHGLQ(XURFRGH$[LDOO\ORDGHGVPRRWKQDLOVPXVWQRWEHXVHGLQFDVHRI
SHUPDQHQWORDGVRUORDGVZLWKORQJGXUDWLRQ7KHGHVLJQRIWKHVWXGWRUDLOMRLQWVIRUSHUSHQGLFXODUQDLOLQJDQGVODQW
QDLOLQJ LVSUHVHQWHG LQ)LJXUH7DEOH VKRZV WKHFKDUDFWHULVWLFFDSDFLW\YDOXHV IRU VWXGWRUDLO MRLQWV LQFDVHRI
SHUSHQGLFXODUQDLOLQJZLWKQDLOVîDQQXODUULQJVKDQNHGQDLOV)LJXUHDDQGRIVODQWQDLOLQJZLWKQDLOV
îJURRYHGZLUHQDLOV)LJXUHE
  
DE
)LJ6WXGWRUDLOMRLQWVZKHQDQDLOLQJSHUSHQGLFXODUWRJUDLQDQGEXVLQJVODQWQDLOLQJ)RUDQQXODUULQJVKDQNHGQDLOVtSHQ t dDQGIRU
VPRRWKQDLOVtSHQ t d.
7DEOH&KDUDFWHULVWLFORDGFDUU\LQJFDSDFLW\FIUDPHNIRUVWXGWRUDLOMRLQWVLQVKHDULQFDVHRIQDLOLQJSHUSHQGLFXODUWRJUDLQDQQXODUULQJ
VKDQNHGQDLOVLQDVWXGu &DQGLQFDVHRIVODQWQDLOLQJJURRYHGZLUHQDLOVLQDVWXG u RIORZTXDOLW\WLPEHULQVKHDWKHG
WLPEHUIUDPHZDOOV
6WXGWRUDLOMRLQW &KDUDFWHULVWLFORDGFDUU\LQJFDSDFLW\LQVKHDU
FIUDPHN>1@
3HUSHQGLFXODUQDLOLQJ 
6ODQWQDLOLQJ 
&KDUDFWHULVWLFYDOXHVKDYHEHHQHYDOXDWHGIRUWHVWVSHFLPHQVZLWKDFRHIILFLHQWRIYDULDWLRQRI7KHHIIHFWRIGHQVLW\
KDVEHHQWDNHQLQWRDFFRXQWDVWKHVTXDUHURRWRIFKDUDFWHULVWLFGHQVLW\LQUHODWLRQWRWKHGHQVLW\RIWKHWHVWVSHFLPHQ
5HJDUGLQJWKHVWLIIQHVVRIWKHVWXGWRUDLOMRLQWVVHH3DUWZKHUHGHIRUPDWLRQVLQWKHVHUYLFHDELOLW\OLPLWVWDWHDUH
DGGUHVVHG7KHUH LW LVPHQWLRQHG WKDW H[SHULPHQWV UHVXOW LQ ODUJHU GHIRUPDWLRQV WKDQ WKHRUHWLFDO FDOFXODWLRQVZLWK
UHOHYDQWVWLIIQHVVYDOXHVIRUWKHVKHDWKLQJWRIUDPLQJMRLQWV7KLVLVSUREDEO\GXHWRLPSHUIHFWLRQVLQWKHVWXGWRUDLO
MRLQWV RFFXUULQJ LQ SUDFWLFH LQ VKHDWKHG WLPEHU IUDPH VKHDU ZDOOV HVSHFLDOO\ LQLWLDO JDSV DW WKH WUDLOLQJ VWXG LQ
FRQMXQFWLRQZLWKPDQXIDFWXUHDQGXQIRUHVHHQXSOLIWRIWKHOHDGLQJVWXGGXULQJWHVWLQJ
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$QFKRULQJRIYHUWLFDOVWXGV
,Q WUDGLWLRQDO HODVWLF FDOFXODWLRQ RI VKHDWKHG WLPEHU IUDPH VKHDUZDOOV LW LV DVVXPHG WKDW WKH VWXGV DUH SLQQHG
FRQQHFWHGWRWRSDQGERWWRPUDLOV7KHDQFKRULQJRIWKHOHDGLQJVWXGDQGWKHVWXGLQWHQVLRQDWRSHQLQJVLVWKHQPRVW
FULWLFDO7KHORFDWLRQRIWKHDQFKRULQJGHYLFHDWWKHOHDGLQJVWXGLVSUHVHQWHGLQ)LJXUH'LIIHUHQWW\SHVRIDQFKRULQJ
EUDFNHWVDUHDOVRLOOXVWUDWHG












)LJ$QFKRULQJRIWKHOHDGLQJVWXGZLWKGLIIHUHQWW\SHVRIDQFKRULQJGHYLFHV
7DEOHVKRZVFKDUDFWHULVWLFWHQVLOHFDSDFLW\IRUGLIIHUHQWDQFKRULQJEUDFNHWVIRUYHUWLFDOVWXGV
7DEOH&KDUDFWHULVWLFWHQVLOHFDSDFLW\)WNRIGLIIHUHQWW\SHVRIDQFKRULQJGHYLFHVIRUYHUWLFDOVWXGVLQVKHDWKHGWLPEHUIUDPHZDOOV
$QFKRULQJGHYLFH±%0) 7HQVLOHFDSDFLW\
FWN>1@
$QJOHEUDFNHW u  u ZLWKRXWUHLQIRUFHPHQW±ORZTXDOLW\WLPEHU
D6FUHZ0ZLWKZDVKHUI LQVXEVWUDWHDQGVFUHZV u LQVWXG


$QJOHEUDFNHW u  u 6*'=±7LPEHU&
D6FUHZ0LQVWXGDQGLQVXEVWUDWH
E6FUHZ0LQVWXGDQGVFUHZ0LQVXEVWUDWHVFUHZV u LQVWXG
F6FUHZ0LQVWXGDQGVFUHZV u LQERWWRPUDLO
GZRRGHQVFUHZV u LQVWXGDQGVFUHZV u LQERWWRPUDLO





$QJOHEUDFNHW.56-5±7LPEHU&
DDQQXODUULQJVKDQNHGQDLOVu LQVWXGDQGVFUHZ0LQVXEVWUDWH


7HQVLRQDQFKRU+77*UDGH±7LPEHU&
DDQQXODUULQJVKDQNHGQDLOVu LQVWXGDQGVFUHZ0LQVXEVWUDWH


&KDUDFWHULVWLFYDOXHVKDYHEHHQHYDOXDWHGIRUWHVWVSHFLPHQVZLWKDFRHIILFLHQWRIYDULDWLRQRI7KHHIIHFWRIGHQVLW\KDVEHHQ
WDNHQLQWRDFFRXQWDVWKHVTXDUHURRWRIFKDUDFWHULVWLFGHQVLW\LQUHODWLRQWRWKHGHQVLW\RIWKHWHVWVSHFLPHQ
$QFKRULQJRIERWWRPUDLO
8QOHVVWKHYHUWLFDOORDGIURPSHUPDQHQWORDGVIURPRYHUO\LQJIORRUVRUURRIRQWKHWLPEHUIUDPHZDOOLVVXIILFLHQWO\
KLJKWRKROGGRZQWKHERWWRPUDLOLQWKHWLPEHUIUDPHZDOOLWPXVWEHDQFKRUHGDJDLQVWXSOLIW,QSUDFWLFHWKHERWWRP
UDLOVKRXOGDOZD\VEHDQFKRUHGDORQJLWVHQWLUHOHQJWKZLWKUHVSHFWWRVKHDU
7KHDQFKRULQJRIWKHERWWRPUDLOLQFOXGHVFKRLFHRIDQFKRUEROWGLPHQVLRQZLWKUHVSHFWWRWKHXSOLIWLQJIRUFHDQG
WKHKHDGZDVKHUGLPHQVLRQZLWKUHVSHFWWRLQGHQWDWLRQLQWRRUSXQFKLQJWKURXJKRIWKHERWWRPUDLO,WDOVRHQWDLOVWKH
FKRLFHRIWKHFHQWUHGLVWDQFHEHWZHHQWKHDQFKRULQJVFUHZVDQGWKHORFDWLRQRIWKHPLQWKHZLGWKGLUHFWLRQZLWKUHVSHFW
WRWKHWHQGHQF\RIWKHERWWRPUDLOIRUVSOLWWLQJDWWKHOHYHORIWKHVKHDWKLQJWRIUDPLQJMRLQWVDQGDWWKHERWWRPGXHWR
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FURVVZLVHEHQGLQJEHWZHHQ WKHDQFKRULQJEROWVDQG WKHVKHDWKLQJ7KHDWWDFKPHQWRI WKHDQFKRUEROW WR WKHIORRU
VWUXFWXUHDQGEHWZHHQWKHIORRUOHYHOVDQGWRWKHIRXQGDWLRQVODEUHVSHFWLYHO\LVQRWDGGUHVVHGKHUH
)LJXUHDVKRZVDQH[DPSOHRIKRZEROWVDQGVTXDUHZDVKHUVFDQEHXVHGWRDQFKRUWKHERWWRPUDLO$VXLWDEOH
ORFDWLRQRIWKHILUVWDQFKRULQJEROWLVPPIURPWKHHQGRIWKHERWWRPUDLO7KHGLVWDQFHEHWZHHQWKHDQFKRULQJ
EROWVsDQFKRUVKRXOGJLYHQDERWWRPUDLO WKLFNQHVVRIPPQRUPDOO\QRWEHJUHDWHUWKDQPPZLWKLQWKHDUHD
ZKHUHWKHGLVWULEXWHGXSOLIWLQJIRUFHVRFFXU7KHGLPHQVLRQRIWKHVTXDUHZDVKHUVVKRXOGQRWEHOHVVWKDQu 
PP7KHWKLFNQHVVRIWKHVTXDUHZDVKHUVVKRXOGDPRXQWWRDSSUR[LPDWHO\RQHWHQWKRIWKHLUFURVVGLPHQVLRQV$OO
FDSDFLW\YDOXHVJLYHQLQWKHVHFWLRQEHORZUHIHUWRFKDUDFWHULVWLFYDOXHV

D E
)LJD([DPSOHRQORFDWLRQRIVFUHZVIRUDQFKRULQJRIERWWRPUDLODJDLQVWXSOLIWLQJIRUFHVXQLWLQPPE%RWWRPUDLOVXEMHFWHGWR
GLVWULEXWHGXSOLIWLQJIRUFHVqLNZKHUHiGHQRWHVWKHVKHDWKLQJQXPEHU'HILQLWLRQRIGLVWDQFHaHGJHLIURPHGJHRIZDVKHUWRHGJHRIERWWRPUDLODQG
aKROHLIURPVFUHZKROHWRHGJHRIERWWRPUDLO
:KHQWKHERWWRPUDLOLVDQFKRUHGZLWKEROWVDQGVTXDUHZDVKHUVWKHGLVWULEXWHGXSOLIWLQJIRUFHVqNDQGqNLQWKH
SDQHOVDFFRUGLQJWR)LJXUHEPXVWEHOLPLWHGZLWKUHVSHFWWRULVNRIVSOLWWLQJRIWKHERWWRPUDLOEHFDXVHWKHEHQGLQJ
PRPHQWDQGVKHDUIRUFHVDUHDFWLQJRQWKHERWWRPUDLOLQWKHFURVVZLVHGLUHFWLRQ>@,IWKHGLVWULEXWHGXSOLIWLQJ
IRUFHVqNDQGqNDUHRIGLIIHUHQWVL]HVEHFDXVHRIIRUH[DPSOHGLIIHUHQWSDQHOPDWHULDOVRQERWKVLGHVRIWKHZDOOLW
LVDGYDQWDJHRXVWRSODFHWKHDQFKRULQJEROWVHFFHQWULFDOO\LQWKHERWWRPUDLO7KHGLVWDQFHaHGJHiEHWZHHQWKHHGJHRI
WKHZDVKHUDQGWKHJLYHQSDQHOLVWKHGHFLVLYHSDUDPHWHUZLWKUHVSHFWWRVSOLWWLQJIDLOXUH)RUDPPERWWRPUDLODOO
GLVWULEXWHGXSOLIWLQJIRUFHVqNDQGqNPXVWIXOILOWKHHPSLULFDOO\GHWHUPLQHGFRQGLWLRQ

N
HGJH
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
ZKHUHWKHGLVWDQFHaHGJHiLQWKHiWKVKHDWKLQJLVH[SUHVVHGLQPP
,IWKHGLVWULEXWHGXSOLIWLQJIRUFHVqNDQGqNGRQRWEDODQFHRQHDQRWKHURXWZLWKUHVSHFWWRWKHDQFKRULQJEROWD
SU\LQJFRPSUHVVLYHIRUFHRFFXUVEHWZHHQWKHERWWRPUDLODQGWKHVXEVWUDWHUHVXOWLQJLQDGGLWLRQDOWHQVLOHIRUFHVLQWKH
EROW,IIRUWKHVDNHRIVLPSOLFLW\LWLVDVVXPHGWKDWWKHFRPSUHVVLYHIRUFHLVDFWLQJDWWKHYHU\HGJHRIWKHERWWRPUDLO
WKHHTXLOLEULXPRIWKHERWWRPUDLOJLYHVZLWKQRWDWLRQVDFFRUGLQJWR)LJXUHEWKDWWKHUHVXOWLQJWHQVLOHIRUFHLQWKH
DQFKRULQJEROWFDQFKRUNEHFRPHV
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)RUWKHVSHFLDOFDVHZKHUHWKHDQFKRULQJLVSODFHGLQWKHPLGGOHRIWKHERWWRPUDLOLHaKROH aKROH bERWWRPUDLOZH
KDYH
N DQFKRU N N
EROWN
N DQFKRU N N
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1RWHWKDW LI WKHEROW LVFHQWULFDOO\SODFHGLQ WKHERWWRPUDLO WKHQWKHWHQVLOHIRUFHLQ WKHDQFKRULQJEROWZLOOEH
HTXDOO\ODUJHLQDVLQJOHVLGHGSDQHODVIRUDGRXEOHVLGHGRQH2QHFDQUHGXFHWKHWHQVLOHIRUFHLQDVLQJOHVLGHGSDQHO
E\SODFLQJWKHVFUHZHFFHQWULFDOO\LQWKHERWWRPUDLO
)RUORQJZDOOVLWLVQRUPDOO\VXIILFLHQWIRUWKHERWWRPUDLODORQJWKHWZRRXWHUPRVWZDOOVHJPHQWVDWHLWKHUHQGRI
WKHWLPEHUIUDPHVKHDUZDOOWREHDQFKRUHGDFFRUGLQJWRWKHDERYHDVORQJDVWKHUHDUHQRLQWHULRURSHQLQJV
-RLQWVEHWZHHQZDOOURRIDQGIORRUSDQHOV
-RLQLQJVKHDWKHGWLPEHUIUDPHVKHDUZDOOVZLWKWUDQVYHUVHZDOOVLVDUDWLRQDODQGHIIHFWLYHPHDQVRILQFUHDVLQJWKH
KRUL]RQWDOORDGFDUU\LQJFDSDFLW\DQGVWLIIQHVV7KHWUDQVIHURIIRUFHIURPWUDQVYHUVHZDOOVWRVKHDUZDOOVLVQRWWUHDWHG
KHUH0D[LPXPVKHDUIRUFHWKDWFDQEH WUDQVIHUUHG LQ WKHFRQQHFWLRQVEHWZHHQ WKH WUDQVYHUVHZDOODQGVKHDUZDOO
HTXDOVV fShFI3DUW
:LWKWKHSODVWLFPHWKRGRQHFDQLQFRUSRUDWHDQDUELWUDU\VKDUHRIWKLVPD[LPDOO\WUDQVIHUUDEOHDQFKRULQJIRUFH7KH
XWLOLVHGVKDUHLVDOVRFKHFNHGZLWKUHVSHFWWRWKHDQFKRULQJRIWKHWUDQVYHUVHZDOOWRWKHERWWRPUDLO
7KHMRLQWVEHWZHHQWKHIORRUURRIDQGZDOOSDQHOVDUHRIVSHFLDOVLJQLILFDQFHWRFUHDWHFRQWLQXLW\DQGWRWUDQVIHUWKH
IRUFHVYHUWLFDOO\GRZQWKURXJKWKHIORRUV WR WKHJURXQG([DPSOHVRIDQFKRULQJVROXWLRQVDUHVKRZQLQ3DUWFI
)LJXUH7KHZDOOSDQHOVDUHDQFKRUHGEHWZHHQWKHYDULRXVIORRUVVXFKDVE\FRQWLQXRXVEDUVRUZLWKEUDFNHWVRQ
HDFKVLGHRIWKHIORRUVWUXFWXUH
%RWKWKHHODVWLFDQGWKHSODVWLFFDOFXODWLRQPHWKRGVDUHEDVHGRQWKHIDFWWKDWWKHVXEVWUDWHRIWKHERWWRPUDLOLV
LQIOH[LEOH ,Q DFWXDO FRQVWUXFWLRQV WKH VXEVWUDWH LV IOH[LEOH 7KH LQIOXHQFH RI WKLV IOH[LELOLW\ RI WKH IORRU VWUXFWXUH
QDWXUDOO\GHSHQGVRQWKHDFWXDOVXSSRUWLQJFRQGLWLRQVDQGWKHIDVWHQHUVLQWKHFRQQHFWLRQEHWZHHQWKHIORRUDQGWKH
ZDOO7KLV LQIOXHQFHFDQQRUPDOO\EHQHJOHFWHG7KHFRQQHFWLRQVEHWZHHQ IORRU VWUXFWXUHDQGZDOOPXVWQRUPDOO\
LQFOXGHFRQQHFWLRQGHWDLOVWKDWDUHFDSDEOHRIWUDQVIHUULQJYHUWLFDOWHQVLOHIRUFHVIURPWKHXSOLIWRIWKHWLPEHUIUDPH
VKHDUZDOOVDQGKRUL]RQWDOVKHDUIRUFHVIURPWKHGLDSKUDJPDFWLRQLQWKHIORRUVWUXFWXUH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRJLYHWKHLUVLQFHUHWKDQNVIRUWKHILQDQFLDOVXSSRUWIURPWKH&RXQW\$GPLQLVWUDWLYH%RDUG
LQ1RUUERWWHQWKH5HJLRQDO&RXQFLORI9lVWHUERWWHQDQGWKH(XURSHDQ8QLRQ(XURSHDQ5HJLRQDO'HYHORSPHQW)XQG
±5HJLRQDO6WUXFWXUDO)XQGDQG,QWHUUHJLRQDO3URJUDPPHV
$SSHQGL[$:RUNHGH[DPSOH
)RULOOXVWUDWLRQ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